BRCA-associated hereditary breast and ovarian cancer syndrome (HBOC) implies increased absolute risk also for other malignancies such as cholangiocarcinoma (CCA). However, even if somatic mutations in CCA have been reported, there are no data on its utilization as predisposing genetic factor in a family. For the first time, we utilized CCA somatic BRCA mutation to individualize a family with HBOC. A 47-year-old woman (daughter of a patient died for CCA) accessed to our Genetic Councelling to evaluate her personal cancer risk. We performed a somatic BRCA1/2 NGS analysis on DNA extracted from formalin-fixed, paraffinembedded CCA-tissue of her mother. After demonstration of pathogenic variant c.6468_6469delTC in BRCA2 gene mutation, the same germline pathogenic variant was found in DNA blood of one of two daugthers. So far, CCA tissue can be utilized, in addition to patient's selection to specific therapeutic strategies, also to individualize families belonging to HBOC syndrome.
Introduction
BReast Cancer (BRCA)1-and BRCA2-associated hereditary breast and ovarian cancer syndrome (HBOC) is characterized by an increased risk for female and male breast cancer, ovarian cancer (includes fallopian tube and primary peritoneal cancers), and to a lesser extent other cancers (prostate cancer, pancreatic cancer, and melanoma) [1] [2] . The association of germline mutations in BRCA1/2 genes to the development of bile duct malignancies has previously been reported [3] . Data from the Breast Cancer Linkage Consortium reported that the relative risk of developing gall bladder or bile duct cancer among BRCA2 carriers is 4.97 [3] . The Netherlands Collaborative Group on Hereditary Breast Cancer reported statistically increased relative risks for cancers of the gallbladder and other bile ducts, with relative risks of 3.5 and 5.0, respectively [4] .
However, in spite of these evidences, the NCCN guidelines do not consider these tumors among the clinical criteria for access to BRCA1/2 genetic testing in cholangiocarcinoma (CCA) [5] . In addition, utilization of BRCA somatic information to select patients to candidate to specific biological approaches is still not a routinary approach [4] . This situation led to less interest for BRCA status in CCA patients with the scarce studies focused on somatic DNA alterations exclusively [6] [7] .
For the first time, we report that CCA can be the index case in a family with hereditary ovarian-breast cancer syndrome and, even more important, that somatic CCA DNA test can be informative for risk purposes.
Herein, we report BRCA characterization of a family upon the request of oncogenetic counseling by a 47-year-old, healthy woman (daughter of a patient who died for a CCA) to evaluate her personal cancer risk.
Since her mother was dead with impossibility to perform a germinal BRCA evaluation, we performed a somatic BRCA1/2 NGS analysis on DNA extracted from formalin fixed, paraffin-embedded CCA biopsy.
Experimental section
Clinical features of this patient were collected at the National Cancer Institute "Giovanni Paolo II" of Bari, Bari, Italy. All the subjects participating to the study signed the informed consent for this study approved by Ethical Committee (700/18) of National Cancer Institute "Giovanni Paolo II" of Bari, Bari, Italy. The Centro Studi Tumori Eredo-familiari of the Institute managed the genetic counseling of people participating to the study. All the laboratory test were performed in the Molecular Diagnostic Laboratory of the Institute.
DNA was extracted from the whole peripheral blood of each affected proband using the Wizard Genomic DNA Purification kit (Promega Inc., Madison, WI) according to the manufacture's protocol. DNAs were screened for mutations in the entire coding region of the BRCA1 gene. Each BRCA1 coding exon was amplified using intronic primers as previously described [8] .
PCR amplification was carried out in a total volume of 50 μl containing 100 ng of genomic DNA as a template, 1X reaction buffer, 1.5-3 mM magnesium chloride, 200 μMdNTP, 20-50 pm each PCR primer and 0.25 U AmpliTaq Gold. After PCR amplifications, 5 μl of the reaction product was analyzed via gel electrophoresis and ethidium bromide staining.
DNA sequencing was performed on both strands of two independent PCR products by cycle sequencing on a ABI PRISM 377 automated cycle sequencer, using the Terminator Cycle Sequencing Kit v.1.1 according to the manufacturer's protocol (Applied Biosystems, CA).
If a mutation was identified, a new DNA aliquot from the same patient was sequenced to confirm the result.
Results
A 47-year-old, healthy woman, with a family history of cancer, accessed to our Genetic Councelling with the aim to evaluate her personal cancer risk. Her mother at age of 60s showed multiple liver lesions during preoperative study for uterine prolapse. Liver biopsy diagnosed with hepatic localization of moderately differentiated adenocarcinoma with desmoplastic stroma. The morphological and immunohistochemical profile oriented for a CCA (CK ++; CK19 ++; CEA ++; EMA +++; CAM 5.2 +++; TTF1, CDX2, CK20, ER and PgR: negative).
The proband's maternal grandfather had been diagnosed with skin cancer at age of 80 years and died of a stroke while apparently cancer free 13 years later. A maternal uncle was diagnosed with skin cancer when he was 56 years old. No case of cancer has been reported in the paternal branch (Fig. 1) . In the suspicion of a HBOC in her mother, we discussed with the proband and her sister the possibility of performing the genetic test on the pathological material of her mother, now deceased.
After signing of informed consent, we performed BRCA1/2 NGS analysis on DNA extracted from formalinfixed, paraffin-embedded CCA biopsy. The only pathogenic variant identified was c.6468_6469delTC in BRCA2 gene. In the possibility that the identified variant was germinal, we looked for the same variant on the DNA extracted from the lymphocytes of the peripheral blood (PBLs) of her sister. The foundvariant was confirmed in her sister (Fig. 1). 
Discussion
Somatic mutations of BRCA1 and BRCA2 genes have been reported, also, in CCA [9] [10] . In spite of this information, biliary tract cancer nowday is not routinely candidate for BRCA1/2 somatic testing.
In clinical practices, mutation of BRCA is a germline evaluation on blood. Overall, the relatives of a patient with BRCA-mutated malignancies require genetic counseling, with the aim of assessing the risk of developing BRCA-addicted neoplasms for entering in specific prevention programs. The assessment of germline BRCA on blood is not always possible (patient dead, tissue not available, patient not senting, etc).
This was the emblematic case of this report. We conducted a BRCA somatic evaluation status on paraffinembedded CCA biopsy of the dead patient. The unique pathogenic variant identified was c.6468_6469delTC in BRCA2 gene. After, we looked for the same variant on the DNA extracted from the PBLs of our proband and her sister. The same mutational variant was confirmed in proband sister. For the first time it was used a CCA somatic BRCA assessment in order to find a HBOC, so far, a genetic test on DNA from a CCA biopsy is performed to assess the presence of a neoplastic predisposition syndrome.
Actually, CCA is a challenging disease in terms of both diagnosis and treatment because of its poor survival and chemoresistant [11] . New therapeutic strategies are warranted. Better biological characterization of this tumor might allow application of targeted therapy for CCA patients with germline or somatic mutations in BRCA1/2 genes. Inhibition of PARP lead to the synthetic lethality in malignancies with BRCA1/2. In a recent retrospective analysis, of 18 patients with BRCA1/2 mutated CCA (6 and 12 patients with extrahepatic and intrahepatic CCA, respectively), four patients underwent to PARP-i, with one of them achieving a sustained disease response and a 42.6 months of progression-free survival [12] . Median overall survivals were 40.3 months (95% confidence interval [CI], 6.73-108.15) and 25 months (95% CI, 15.23-40.57) for stage I/II and stages III/IV patients, respectively. In our report, the availability of the only CCA tissue in a family suspected for HBOC syndrome, forced us, to perform BRCA1/2 genetic analysis on tumor tissue in order to assess personal cancer risk.
Thanks to the NGS sequencing technology, today it is possible to identify in an extremely sensitive way the presence of somatic mutations even from small amounts of tumor tissue. Therefore, where it is not possible to test the affected patient, why not analyze the tumor tissue to get information of a hereditary nature?
Furthermore, current NCCN BRCA1/2 criteria testing guidelines do not adequately account for the full range of clinical presentations described to date as associated with BRCA1/2 pathogenic/likely pathogenic variant.
Like pancreatic cancer, CCA should also be considered an uncommon tumor of the HBOC spectrum.
In the future, not too far away, it will be appropriate that all CCA's patients should undergo genetic testing for BRCA1/2 mutations to identify carriers of pathogenic variants. This is crucial as a referral to genetic screening for the relatives of affected individuals carrying germline BRCA1/2 alterations. LEGEND: CCA = cholangiocarcinoma; wt = wild type; yy = years.
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